A water soluble polysaccharide and its selective precipitated fractions (F1, F2, and F3) were isolated from hot water extract of fruiting bodies of Agaricus blazei Murril known as Agaricus brasiliensis to evaluate the analgesic activity of the materials in Swiss mice. The isolated material and its fractions were characterized by two-dimensional COSY and HMQC spectra as -(1 → 6)--(1 → 4)-glucan-bound-protein polysaccharide constituted mainly by -(1 → 6) glucan. The glucan-protein polysaccharide and its fractions were analyzed in relation to the protein, carbohydrate, and mineral elements contents. The analysis of the glucan-protein complex revealed a total carbohydrate content of 36.95% and protein conjugated content of 17.24%. The mineral elements found in larger proportion were K, Na, Ca, P, and Zn. The analgesic activity bioassay of the -(1 → 6)--(1 → 4)-glucan bound-protein polysaccharide and its fractions in Swiss mice indicated a significant effect.
Introduction
Several species of mushrooms have presented interesting biological activities. Yim et al. [1] showed that Pleurotus porrigens mushroom was found to have antioxidant activities by several assays methodologies such as DPPH, ABTS, FRAP, and TPC. Polysaccharides isolated from mushrooms have been shown to be effective inducers of NO synthesis in macrophages [2, 3] . Carbonero et al. studied a -glucan from Pleurotus sajorcaju that activated RAW 264.7 macrophages and induced synthesis of NO and of the proinflammatory cytokines TNFand IL-1 , suggesting that the -glucan of P. sajor-caju has an immunostimulatory effect [4] . Recently, Suseem et al. have reported potent analgesic activity of Pleurotus eous mushroom extracts in Swiss mice, which were mediated via peripheral and central inhibitory mechanisms [5] .
The mushroom Agaricus blazei Murill is a fungus species from the family Basidiomycetes. It occurs naturally in the Atlantic Forest in the mountains of São Paulo state, southeast Brazil. The fruit body is appreciated not only for its taste and texture, but also for its nutritional characteristics [6] . Agaricus presents a composition rich in nutrients and poor in calories and fats [6] . Some interesting activities have been observed for Agaricus blazei. It has been shown to reduce the level of blood cholesterol, protecting against coronary diseases [7] , and to reduce the level of glucose in the blood [8] . Furthermore, it presents significant contents of proteins, minerals, and fibers such as chitin [6] . The media composition of the dried fruit body contains 35-45% proteins and 38-48% carbohydrates constituted mainly by polysaccharides [9, 10] . Agaricus as well as other species of mushroom in general presents 6-7% fibers, 5-7% ashes, 3-4% fats (including polyunsaturated fatty acids), also vitamins C, E, H, K, and B complex, phospholipids, and lectins [6, 10] . Other constituents with nutritional and therapeutical values such as Na, K, Ca, Fe, Mg, Mn, and Cu minerals have been identified in several mushrooms in quantities ranging from 5 to 7% [11] . There is also an element-dependent relation to the geographical origin of the fungus [12, 13] . On the other hand, some elements catalyze reactions at cell-membrane level. This may be a path for the understanding of the action of polysaccharides and/or glycoprotein complexes.
The biofunctional characteristic of Agaricus has been related to the presence of constituents such as homo-and heteroglucans with specific configurations types -(1 → 6 and 1 → 3) and -(1 → 6 and 1 → 4) and/or glycoprotein complexes [10, 14] . Some researchers also associate its pharmacological activities to the presence of glycoproteins [9, 15] and the dependence of these activities on the existence of the protein-polysaccharide structural bond [9] . However, others consider that this activity is related to the presence of glucans, mainly -glucans [16] . To the present, there is no consensus on the subject. Besides -and -glucans, other groups of polysaccharides have also presented therapeutic activities: mannose polymers bound to peptides (mannoproteins) and N-acetyl glucosamines (chitin) [17] and also polysaccharides made up of fucose, arabinose, and rhamnose [18, 19] . Some of these carbohydrates were identified in the polysaccharide isolated from Coriolus versicolor, a Basidiomycete. It presents glycosidic bonds type -(1 → 4) and -(1 → 3) [19] . The structural characteristic of polysaccharides has been commonly elucidated by NMR studies that can provide stereochemical configuration, specially the anomeric configuration [20] .
Agaricus has been shown to present significant pharmacological potential in the treatment of diseases such as diabetes, hepatitis, lupus, and asthma [21, 22] , as well as important anticarcinogenic activity, leukemia included [23, 24] . The active components seem to play a fundamental role in the increased macrophage function and in the resistance to many bacteria, virus, fungi, and infections by parasites, in addition to nonspecific immune stimulation [25, 26] .
In our previous work [27] , it has been shown that the administration of a fraction of -(1 → 6)--(1 → 4)-glucanprotein complex polysaccharide extracted from A. brasiliensis showed strong in vivo antitumor effect. The test of antiviral activity of aqueous and ethanol extracts from -(1 → 6)-glucan-protein fraction suggests activity at the initial stage of replication of poliovirus type 1 [25] . In addition, the protective effects of -(1 → 6)-glucan-protein complex against chemically induced DNA damage in human lymphocytes was also demonstrated [26] .
This study deals with the evaluation of the analgesic activity of an isolated polysaccharide fraction of A. blasei. The related fraction was characterized structurally by NMR spectroscopy. Composition, with reference to the content of proteins, carbohydrates, and minerals was analyzed. Aiming to evaluate the analgesic activity of the isolated polysaccharide, several preliminary assays were carried out concerning its analgesic effect in Swiss mice. As far as we know, these achievements shown by the analgesic effects of Agaricus blazei are novel results.
Materials and Methods

Mushrooms Origin.
Mushrooms were grown in Suzano municipality, SP, Brazil. Raw material was kindly given by Guinish Importação e Exportação de Produtos Alimentícios Ltda.
Extraction of Water Soluble Polysaccharides.
The extraction and isolation of polysaccharides were carried out as described in detail in previous work by Gonzaga [27] . It includes the preparation of 5% (w/v) of mushroom in distilled water heating at 100 ∘ C for 5 hours, and submission to centrifugation. The filtrate with pH 5.0 was neutralized with diluted NaOH solution. 0.1% (w/v) NaCl/volume of the filtrate was added to induce further precipitation in ethanolic medium by adding solution of 5 : 1 (v/v) ethanol/filtrate. The precipitate was isolated by centrifugation, and hydrogen peroxide (30%) was used as 1 : 1 ethanol : peroxide solution to clarify the material, and then, it was submitted to a new precipitation using the same procedure. The precipitate was washed with ethanol, and acetone and dried in a sand bath at 40 ∘ C. After being dissolved in water with stirring for 48 hours at 40 ∘ C, the solution was centrifuged, and the solid precipitate remained was removed. The filtrate was submitted to lyophilization. The dried sample was then submitted to the same procedure described starting from solubilization until obtaining three selective precipitations, hence, F1, F2, and F3. A simple flowchart of the stages is presented in Figure 1 . The isolated materials and fractions were characterized by NMR spectroscopy to elucidate its structure and specially its specific configuration and were used to evaluate its analgesic activity in Swiss mice. A further procedure of isolation and identification of -glucans was performed according to the method described by Yoshioka et al. [28] and will be published in an upcoming publication. 
Structural Characterization Using Nuclear Magnetic Resonance (NMR)
.
Carbohydrates and Proteins Analysis.
The total carbohydrate content for the isolated polysaccharide and fractions F1, F2, and F3 was measured by the phenol-H 2 SO 4 spectrophotometric method [29] using glucose as standard. Spectrophotometer UV-Vis HP 8453 with diode array detector was used for absorbance measurements. The type of monosaccharide present was identified by its alditol-acetate compounds formed in the process after hydrolysis, reduction, and acetylation reactions according to a method previously reported [30] . Alditol-acetate of monosaccharide standard samples of glucose, ramnose, fucose, arabinose, xylose, mannose, and galactose were prepared for comparison. Measurements were carried out in Hewlett Packard chromatograph, model 5890 A, series II with flame ionization detector equipped with J & W DB-225 (0.25 mm i.d. × 30 m) column. Nitrogen at 2 mL/min was used as carrier gas and acetone was used as an eluent. The protein content of the isolated polysaccharide and F1, F2, and F3 fractions was determined by the Hartree method [31] . Free protein was investigated by the Bradford method [32] . • Centrifugation (6000 rpm/5 min)
Mineral Elements Analysis by ICP-AES.
• 2 a ppt. in ethanol
• Centrifugation (6000 rpm/10 min)
• Washing and drying (45-50 ∘ C)
• Addition of ethanol until the solution became turbid
• Centrifugation (6000 rpm/20 min)/drying (40 ∘ C)
• Reprodution of procedure starting from addition of ethanol Precipitate (1 a fraction F1) 2 a fraction (F2) and 3 a fraction (F3)
• Heating (100 ∘ C/5 h)
• Heating (∼50 ∘ C)/cooled Figure 1 : Flowchart of the extraction, isolation, purification, and fractionation steps of the polysaccharides.
3 mL of HNO 3 /H 2 O 2 3 : 1 v/v, and heated to ≅110 ∘ C for 3:30 h in a digester block. After cooling the tubes, the samples were transferred to Falcon tubes and diluted to a final volume of 20 mL. Standard multielement solutions were prepared in Falcon tubes from standard mineral element solutions of Ca, Mg, K, Na, Si, Al, Ti, Bi, V, Cd, Cu, Zn, Fe, Pb, and P. The standard solutions and samples were injected in the system operating with a radio frequency power of 1350 W with argon as nebulizing gas, plasma generation gas, and cooling gas at 0.80 L/min, 1.8 L/min, and 15 L/min, respectively. The sample mineral elements were quantified with WinLab32 software.
Analgesic Activity Assay.
The analgesic activity of the isolated polysaccharide -(1 → 6)--(1 → 4)-glucan-protein complex and of three fractions was evaluated by the method of abdominal writhings induced by acetic acid 0.6%. This test was performed as described for rats [33] and later adapted to mice [34] . Swiss mice weighing between 20 and 25 g were used in groups of 06 animals. Each group was pretreated with polysaccharide solutions by intraperitoneal administration (IP) at ratios of 20 and 40 mg/kg animal. After 30 min, the animals were injected with an algesic agent (aqueous solution of acetic acid (0.6%)) at a ratio of 0.1 mL/10 g animal. After 10 min, the behavior of the different groups was observed for 20 min and classified according to the number of writhings (contraction of the abdominal muscles along with extension of hinder legs). The analgesic effect of the samples was measured by the percent inhibition of abdominal writhing. The control group was injected with distilled water (0.1 mL/10 g animal) as positive control. The percent inhibition of abdominal writhing was calculated by the following equation: % inhibition of abdominal writhing where XCGT is the average writhing of the test group and XCGC is the average writhing of the control group.
Results
Two-Dimensional NMR Structural Analysis COSY and HMQC of Water Soluble Isolated
Polysaccharides. Twodimensional spectra COSY and HMQC (Figures 2 and 3 , resp.) of the isolated polysaccharide and fractions were used to confirm the attributions in the study recorded by 13 C NMR and 1 H NMR one-dimensional spectra reported in our previous work [35] that reveled the main structural characteristics of the polysaccharide. The COSY and HMQC data support the first evidence established in the previous paper [35] that the water soluble isolated polysaccharides from Agaricus blazei cultivated in Brazil, as being constituted of -(1 → 6) and -(1 → 4) glucan-bonded protein complex, 1 H NMR spectra showed the shifts in the 3.3-4.0 ppm region attributed to the carbon protons (C2-C6) of the glycoside ring [36] . The chemical shifts of the anomeric hydrogens are observed in the 4-6 ppm region. The doublets recorded at 4.1 and 4.2 ppm are characteristic of the -(1 → 6) configuration and those in the 4.9-5.6 ppm region are representative of configuration [10] . Configuration -(1 → 4) is represented by the shift at 5.3 ppm. Peaks recorded in the interval of 0.8-3.0 ppm attributed to the protein group protons as groups N-CH 3 and N-H were generally observed around 2.78 ppm and in the region of 0.5-3.0 ppm, respectively [37] . Glucan of similar configuration was also isolated from Astraeus hygrometricus cultivated in India [38] .
Additional NMR data were recorded for -glucan sample isolated in procedure 2.3 (data not shown) and the intensity of the peaks recorded regarding glucan -(1 → 6) demonstrated that it is the major component in the constitution of the isolated polysaccharide. Similar spectra of 1 H and 13 C NMR were published for a -glucan isolated from Agaricus blazei grown in Japan [9] .
Determination of Total Carbohydrates and Proteins.
The total carbohydrate content of the isolated -(1 → 6) and -(1 → 4) glucan-bonded protein-polysaccharide complex was 36.95%. The absolute predominance of glucose observed was indicated by the presence of the acetylated derivatives of glucose on chromatograms [26] . Considering the complex constitution of the samples analyzed, quantification was not considered. Analysis of Agaricus blazei grown in Japan [10] revealed contents in the order of 38-45%. Fractions isolated from fruit bodies of Lentinus edodes presented carbohydrate contents of 74.9-99.2%, which demonstrates the diverse constituent contents for different species [39] . In species Schizophyllum commune and Lentinus edodes from India, the protein content is around 16 and 23% with amino acid contents of 34 and 39% [40] . Reduction in the carbohydrate content was observed in the order the fractions were obtained, F1 (39.58%), F2 (33.84%), and F3 (15.62%) as observed in Table 1 . The same authors reported reduction in the characteristic carbohydrate bands of the fractions from F1 to F3 by FTIR spectroscopy [35] , thus corroborating the behavior described in this work for the reduction of the carbohydrate contents and increase of protein contents with subsequent precipitation of the fractions. That behavior is expected as the fractionation method is based on selective molar mass precipitation. In turn, it was observed that the protein content increases in the order of fraction separation (Table 1) . Apparently, the protein content is smaller in larger molecules, which precipitate first, or probably the protein is excluded from the first fractions by some selective process [35] .
Determination of Metal Cations by ICP-AES.
The elements identified in the isolated polysaccharide are presented in Table 2 . The most significant contents in g/g were P (23024.90), K (12571.60), and Na (4550.10). The mineral composition revealed to be important for human nutrition. Elements such as Na and K present considerable force and ionic mobility and may be related to the action mechanism of polysaccharides. Additionally, it is of fundamental importance that no heavy metals were detected. As the mineral content of mushrooms is related to the growth region, it is common to observe variation in the mineral contents of mushrooms of different origins. However, regardless of the origin, apparently potassium (K) and phosphorus (P) were the major elements in most mushrooms [12, 13, 41] . Among the most researched species are Basidiomycetes and Ascomycetes, which encompass most edible mushrooms such as Agaricus bisporus, Pleurotus ostreatus, and Lentinus edodes, besides Agaricus blazei.
Analgesic Activity Assay.
Considering the percent inhibition of abdominal writhing (Table 3) , it can be observed that the analgesic activity was significant for all samples tested. The dose of 20 mg/kg presented an effective analgesic action.
Abdominal writhing induction is based on the injection of a potent chemical stimulant such as acetic acid to provide a short-term an algesic response. The inhibition of the nociceptive response by drugs such as antihistamines, hypotensors, and those affecting central nervous system renders the model unspecific and advantageous [42] . Acetic acid does not bind to the peritoneal nociceptive receptors directly. In this way, the induction of pain occurs through the liberation of endogenous substances such as prostaglandins, which excite nerve ends and produce acute inflammation in the peritoneal area [43] . The analgesic activity of some sulphated polysaccharides algae was researched by the same method, and writing inhibition values of 63-93% were recorded [44] . In an attempt to relate the increase in analgesic action to some property, it can be considered that the increase in analgesic response (F1 and F3) was larger for the fraction with larger protein content. In contrast, in an earlier NMR characterization of fractions by the same authors [35] , it was observed that of the three fractions F3 was the richest in -glucan (1 → 6), the one reported in literature as having the most effective pharmacological response relative to antitumoral and immunosuppressing activities among others [10, 38, 45] . Suseem et al. [5] observed antinociceptive activity by P. eous. They consider that the significant reduction in acetic acidinduced writhes (analgesic effect) may be via central mechanisms involving receptor systems or peripherally mediated via inhibition of synthesis and release of prostaglandins, leukotrienes, and other endogenous substances that are involved in inflammation and pain. That may be considered as a mechanism of action for Agaricus blazei Murill.
Conclusion
The fruit body of Agaricus blazei Murill showed to be rich in proteins and mineral elements (mainly K, P, and Ca). The glycoprotein complex isolated from Agaricus blazei Murill is constituted mainly of -glucan (1 → 6), protein content of 17.24%, and total carbohydrate content of 36.95%. The main minerals present (K, P, Na, and Ca) along with the other constituents show that this mushroom is a valuable nutrient. Furthermore, the analgesic activity assay gave promising results in mice with an abdominal writhing inhibition value of between 85.95 and 91.26%. The best analgesic response was that of the fraction with the largest protein content along with the largest amount of -glucan (1 → 6). These results support the evidence that the pharmacological activity exhibited by Agaricus polysaccharides is mainly related to the presence of -glucans.
